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Nanoscale Confinement Effects on the Fast Motions of the Backbone and
Side Chains of Ubiquitin
Nathaniel V. Nucci, Veronica R. Moorman, Kathleen G. Valentine,
A. Joshua Wand.
University of Pennsylvania, Philadelphia, PA, USA.
The prevailingmodel for solvent dependence of proteinmotions, the solvent slav-
ing model, predicts that protein motions should be dramatically dependent on the
dynamics of the solvent.Wehavepreviouslymeasured the dynamics ofwater near
the surface of ubiquitinwhen encapsulated in reversemicelles. In order to directly
investigate the relationship between protein and solvent motions, we have mea-
sured the backbone and side chain ps-nsmotions of ubiquitinunder various reverse
micelle encapsulation conditions using nuclear spin relaxation methods. Confine-
ment of the protein in the aqueous core of the reverse micelle produces a strong,
general damping of the fast backbone motions of the protein. In distinct contrast,
the side chainmethylmotions are only slightly affectedbyencapsulation in reverse
micelles. No strong correlations between the protein motional character and
the dynamics of the protein’s hydration layer were observed, suggesting that the
dynamics of watermolecules near the protein surface haveminimal consequences
for fast dynamic motions of proteins. Supported by NSF grant MCB 0842814,
NIH GM102477, and NIH postdoctoral fellowship GM087099 to N.V.N.
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Aromatic Amino Acids as Probes of Protein Affinity for Lipid Membranes
Andrew K. Fraser, Merrell A. Johnson, Bruce D. Ray, Horia I. Petrache.
Indiana University Purdue University Indianapolis, Indianapolis, IN, USA.
We investigate protein-lipid interactions using the fact that the H1 NMR and
UV absorption spectra of aromatic amino acids depend on environment. For
calibration, we first generate reference spectra using isopropanol-water solu-
tions to mimic changes in hydrobobicity, and correlate UV with 1H NMR
chemical shifts. We then apply this method to measure the interaction of tyro-
sine (Tyr), tryptophan (Trp) and phenylalanine (Phe) with 1,2-dioleoyl-sn-glyc-
ero-3-phosphocholine (DOPC) and 1,2-Dioleoyl-sn-glycero-3-phosphoserine
(DOPS) lipid membranes. By measuring characteristic shifts of aromatic resi-
dues we can characterize protein affinity to lipid membranes.
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Downregulation of Nrf2 in Hela Cells by Self-Conditioned Media
Saheli Sarkar1, Christine K. Payne1, Melissa L. Kemp1,2.
1Georgia Institute of Technology, Atlanta, GA, USA, 2Emory University,
Atlanta, GA, USA.
Nuclear factor erythroid 2-related factor-2 (Nrf2) is critical in maintaining in-
tracellular redox homeostasis by promoting transcription of several antioxidant
and cytoprotective genes. The Nrf2 signaling pathway has been implicated in
malignancies, inflammatory and neurodegenerative diseases. Recent reports
have shown that culture-conditioned media can selectively regulate Nrf2 ex-
pression in brain cells such as astrocytes and microglia; however, not much
is known about how cells self-regulate their endogenous Nrf2 through secretory
mechanisms. In our study, HeLa cells were cultured in media containing 0.5%
FBS for 24 hours to produce conditioned media. Serum starved cells treated
with conditioned media for 3 hours showed lower levels of Nrf2 expression
in the nucleus compared to cells treated with unconditioned media. Increasing
the proportion of conditioned media resulted in a dose-dependent decrease in
Nrf2 expression, suggesting the presence of autocrine Nrf2-regulatory elements
in the HeLa cell secretome. Exposure to conditioned media did not cause any
change in Kelch-like ECH-associated protein-1 (Keap1), the inhibitory binding
partner of Nrf2. In summary, our data suggests the existence of a complicated
autocrine regulatory mechanism of this pathway at endogenous levels.
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Protein Dynamics of Cytochrome C Oxidase: Analysis of Vibrational
Components by Phase Sensitive Detection Applied to Modulated Excita-
tion-Seiras
Andreas Schwaighofer1, Dieter Baurecht2, Renate L.C. Naumann1,
Christoph Nowak1.
1Austrian Institute of Technology, Vienna, Austria, 2Institute of Physical
Chemistry, University of Vienna, Vienna, Austria.Cytochrome c oxidase (CcO) from R. sphaeroides was investigated by Modu-
lated Excitation Surface-Enhanced IR-Absorption Spectroscopy (ME-SEI-
RAS). Sequential electron transfer (ET) within CcO was initiated by
electrochemical excitation. During the modulated excitation by periodic poten-
tial pulses with frequencies between 20 Hz and 500 Hz, time-resolved IR spec-
tra were measured by the Step-Scan technique with time-resolution in the
millisecond time range. Conformational changes of the protein structure as a re-
sult of ET lead to rather complex SEIRA spectra with many overlapping bands
embedded in a broad background signal. Phase sensitive detection (PSD) was
used to separate single components within the broad band of overlapping struc-
tural bands in the amide region. PSD is able to extract the periodic response of
single components with the same frequency as the excitation from noise or
from static background and therefore enhances the signal-to-noise ratio. More-
over, PSD enables the validation of the fit model utilized for the deconvolution
of overlapping bands by analyzing the phase lags of single components ac-
quired at different stimulation frequencies. The phase lags between the evalu-
ated vibrational components and the modulated excitation increase with
increasing excitation frequencies, which is an inherent prerequisite of the eval-
uation method.
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Site-Resolved Hydration Dynamics of Staphylococcal Nuclease in Reverse
Micelles
Christine Jorge1, Nathaniel V. Nucci1, Gurnimrat Sidhu1,
Bertrand Garcia-Moreno2, A. Joshua Wand1.
1University of Pennsylvania, Philadelphia, PA, USA, 2Johns Hopkins
University, Baltimore, MD, USA.
Measurements of water dynamics and protein-water interactions are essential to
understanding protein folding, structure, function, and dynamics. However,
protein-water interactions have historically been difficult to study and have
mostly been limited to indirect methods that are unable to measure transient
and short-lived interactions. We recently developed a novel method for study-
ing protein-water interactions using NMR spectroscopy by encapsulating pro-
teins of interest in reverse micelles. Appropriate amphiphilic surfactant
molecules spontaneously form nanoscale bubbles in the presence of a small
volume of water and bulk organic solvent, resulting in reverse micelles with
aqueous protein in the interior and organic solvent on the exterior. The removal
of bulk water and the effects of nanoconfinement slow protein hydration waters
allowing for site-resolved measurement of protein-water interactions and dy-
namics via the nuclear Overhauser effect. Staphylococcal nuclease (SNase)
is an extensively studied 16 kD protein with a large number of mutants that
have been well classified using standard biophysical techniques. Here we use
a pseudo wild-type hyperstable variant (DþPHS) and V66E mutant to study
surface protein-water dynamics and overall protein hydration. High resolution
NOESY-HSQC and ROESY-HSQCs were collected for SNase encapsulated in
reverse micelles. Site-specific ratios of NOE and ROE signal intensity at the
water chemical shift describe longevity of interacting waters, and can therefore
be mapped to the protein structure to determine areas of slow and fast hydration
dynamics. Supported by NSF grant MCB 0842814 and NIH postdoctoral fel-
lowship GM087099 to N.V.N.
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How do Three Proteins Generate Circadian Rhythms? The Detailed
Timing Mechanism of the Cyanobacterial Circadian Oscillator
Roger Tseng, Jonathan D. Kerby, Yong-Gang Chang, Andy LiWang.
University of California, Merced, MERCED, CA, USA.
Virtually all organisms contain a circadian clock that regulates gene expression,
metabolic pathway and cell division. These regulations enhance the fitness of
organisms by anticipating daily changes. To generate a clock, a stable oscilla-
tion must be maintained. Thus, we focus on understanding how molecular com-
ponents form an oscillator which drives a biological clock.
To study clock mechanism in detail, we use the cyanobacterial oscillator be-
cause it is the only system that can be functionally reconstituted in a test
tube. Mixing three clock proteins, KaiA, KaiB, and KaiC, and ATP produces
a robust 24-hour rhythm of KaiC phosphorylation/dephosphorylation. All other
oscillators are difficult to study at the mechanistic level because they cannot be
isolated from the complex milieu of living cells.
This oscillator has two distinct phases: 1) in Phosphorylation Phase, KaiA binds
to the C-terminal residues of KaiC known as the A-loop and stimulates KaiC
phosphorylation; 2) in Dephosphorylation Phase, KaiA is inhibited from bind-
ing to A-loop by KaiB, then KaiC dephosphorylates.
Our central hypothesis is that the KaiA binding site on KaiC (i.e. A-loop) ex-
periences a range of dynamic changes that drive preferential KaiA-KaiC inter-
action which is critical to the rhythm. Here we will present our latest findings of
this unique oscillator to gain a deep mechanistic insight into how these three
Monday, February 4, 2013 225aproteins form transient and time-dependent interactions that are central to the
function of this oscillator.
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NMR Structure and Dynamics of the Response Regulator Sma0114 from
Sinorhizobium Meliloti
Sarah Sheftic, Andrei Alexandrescu.
University of Connecticut, Storrs, CT, USA.
Receiver domains control intracellular responses triggered by signal transduc-
tion in bacterial two-component systems. Here, we report the solution NMR
structure and dynamics of Sma0114 from the bacterium Sinorhizobium meliloti,
the first such characterization of a receiver domain from the HWE-kinase fam-
ily of two-component systems. The structure of Sma0114 adopts a prototypical
a5/b5 Rossman-fold but has features that set it apart from other receiver do-
mains. The fourth b-strand of Sma0114 houses a PFxFATGY sequence motif,
common to many HWE-kinase-associated receiver domains. This sequence
motif in Sma0114 may substitute for the conserved Y-T coupling mechanism,
which propagates conformational transitions in the 455 (a4-b5-a5) faces of re-
ceiver domains, to prime them for binding downstream effectors once they be-
come activated by phosphorylation. In addition, Sma0114 lacks the fourth
a-helix of the consensus 455 face and 15N relaxation data show that it is re-
placed by a segment that is flexible on the ps-ns timescale. Secondary structure
prediction of Sma0114 and other HWE-kinase-associated receiver domains
suggests that the absence of helix a4 may be a conserved property of this fam-
ily. In spite of these differences, Sma0114 has a conserved active site, binds di-
valent metal ions such as Mg2þ and Ca2þ that are required for phosphorylation,
and exhibits ms-ms active site dynamics similar to other receiver domains.
Taken together, our results suggest that Sma0114 has a conserved active site
but differs from typical receiver domains in the structure of the 455 face that
is used to effect signal transduction following activation.
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Molecular Dynamics Simulations Support the use of Methyl Generalized
Order Parameters in the ‘‘Entropy Meter’’
Vignesh Kasinath, Kim A. Sharp, Joshua A. Wand.
University of Pennsylvania, Philadelphia, PA, USA.
Conformational entropy is a potentially important thermodynamic parameter
contributing to protein function. Unfortunately, conformational entropy has
been difficult to measure experimentally. We have been working towards using
measures of fast internal motion as a proxy for conformational entropy. Imple-
mentation of this approach has been impeded by the apparent need to employ
a model-dependent interpretation of the obtained generalized order parameters.
We have recently proposed that the quantitative relationship between general-
ized order parameters and conformational entropy could be determined empir-
ically and effectively create an ‘entropy meter’ (Marlow et al. Nat. Chem. Biol.
6, 353). This approach has initially employed methyl symmetry axis order pa-
rameters that can be obtained relatively easily. The approach then rests on the
coupling between motion of the methyl bearing side chains and the rest of the
amino acids being sufficient to report on the whole protein. Here, we examine
the generality of this assumption using molecular dynamics simulations of
a number of proteins. The MD simulations performed with the NAMD suite
showed excellent agreement between the calculated and experimental side
chain order parameters for all the proteins, a marked improvement from previ-
ous studies. We find a general correlation between the internal dynamics of pro-
tein and the protein conformational entropy. The calculated protein
conformational entropy showed excellent linear correlation to both the calcu-
lated NMR order parameter of methyl groups as well as the experimentally
measured NMR methyl order parameters. Supported by NIH grant
GM102447 and a grant from the Mathers Foundation.
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Mapping Dynamic Structure along Calmodulin-Target Binding Interfaces
using Vibrational Labels
Rebecca B. Wai, James B. Torain, Shannon R. Dalton, Casey H. Londergan.
Haverford College, Haverford, PA, USA.
Calmodulin’s highly modular tertiary structure leads to interesting dynamics in
its conformational distribution that are difficult to document using conventional
methods. A cyanylated cysteine vibrational probe on single site cysteine vari-
ants of calmodulin can be used to determine local aspects of calmodulin’s dy-
namic structure around the probe group when bound to different partners.
Several new single-cysteine mutants of calmodulin were expressed and purified
for the purpose of labeling with cyanylated cysteine and examining differences
in its structure around the chosen label sites. Infrared spectra of labeled mutants
in the apo, calcium-saturated, and bound states with a variety of calmodulin
binding partners will be reported to demonstrate the ability of cyanylated cys-
teine to map dynamic and modular calmodulin-target binding interfaces.1154-Pos Board B46
Lower Protein Stability does not Necessarily Increase Local Dynamics
Levi J. McClelland, Sean M. Seagraves, Bruce E. Bowler.
University of Montana, Missoula, MT, USA.
Overall protein stability is thought to have an important impact on the local dy-
namics modulating enzyme function. In order to better understand the effects of
overall stability on local dynamics in mitochondrial cytochrome c, we test the
effect of a destabilizing Leu85Ala mutation on the dynamics of the tier 0 alka-
line conformational transition involving conformational changes on the ms
timescale. Elucidating further understanding into protein dynamics has signif-
icant relevance to health, as alternative protein conformers are associated with
many human diseases. The alkaline conformational transition replaces the
Met80 ligand on the heme with a lysine residue from U-loop D, the heme crev-
ice loop, consisting of residues 71-85. Residues 67 to 87 are the most conserved
portion of the sequence of mitochondrial cytochrome c, suggesting this region
is of prime importance for function. Mutations to U-loop D affect the stability
of the heme crevice directly, modulating the pKapp of the alkaline transition.
Two variants of yeast iso-1-cytochrome c, WT*/L85A and WT*/K73H/
L85A, were over-expressed in E. coli and purified for these studies.
Guanidine-HCl unfolding monitored by circular dichroism and pH titrations
at 695 nm, respectively, were used to study the thermodynamics of global
and local unfolding of these variants. Dynamics of the alkaline transition
were measured by pH-jump stopped-flow methods. Contrary to the expectation
that dynamics around the heme crevice would be faster for the less stable WT*/
K73H/L85A variant, they were similar to those for a variant without the L85A
mutation. In fact, below pH 7, the dynamics of the WT*/K73H/L85A variant
were slower. Gated electron transfer techniques using bis(2,2’,2’’-terpyri-
dine)cobalt(II) as a reducing reagent were implemented to measure the heme
crevice dynamics for the WT*/K73H/L85A variant.
1155-Pos Board B47
Folding and Stability of Helical Bundle Proteins from Coarse-Grained
Models
Abhijeet Kapoor, Alex Travesset.
Iowa State University, AMES, IA, USA.
We develop a coarse-grained model where solvent is considered implicitly,
electrostatics is included as short-range interactions and side-chains are
coarse-grained to a single bead. The model depends on three main parameters:
hydrophobic, electrostatic and side-chain hydrogen bond strength. The param-
eters are determined by considering three levels of approximations and charac-
terizing the folding for three selected proteins (training set). Nine additional
proteins (containing up to 126 residues) as well as mutated versions (test set)
are folded with the given parameters. In all folding simulations, the initial state
is a random coil configuration. Besides the native state, some proteins fold into
an additional state differing in the topology (structure of the helical bundle).
We discuss the stability of the native states, and compare the dynamics of
our model to all atom molecular dynamics simulations as well as some general
properties on the interactions governing folding dynamics.
1156-Pos Board B48
Interfering with the Host-Pathogen Interaction of Bordetella Pertussis
Edithe Selwa1, Elodie Laine2, Luca Maragliano3, Alexandre Chenal1,
Giovanni Ciccotti4, Daniel Ladant1, The´re`se E. Malliavin1.
1Institut Pasteur, Paris, France, 2Universite´ Pierre et Marie Curie, Paris,
France, 3Istituto Italiano di Tecnologia, Genoa, Italy, 4University of Roma
‘‘La Sapienza’’ and University College Dublin, Roma, Dublin, Italy.
The adenyl cyclases EF and CyaA play an important role into the virulence of
the agent of whopping cough (B.pertussis) and of the agent of anthrax (B.an-
thracis). Indeed, their interaction with calmodulin (CaM), leads to cAMP over-
production, disorganizing the signaling network into the host cell. The
numerous structures of EF recently allowed some of us to analyze dynamics
and energetics of EF-CaM (1-2, 4, 6) and to discover a new family of EF inhib-
itors (5).
The analysis of the interaction between CaM and the catalytic domain (AC) of
CyaA was more difficult to handle, as only the X-ray crystallographic structure
of the complex of AC with the C terminal lobe of calmodulin (C-CaM) was
know. Qualitative information was available on the conformations of isolated
AC, revealing a less elongated shape than in the complex with C-CaM.
Molecular dynamics simulations (7) predict three residues, R338, N347 and
D360, to stabilize the AC/CaM interaction. Furthermore, their experimental
mutations show significant decrease of the AC affinity for CaM, involving these
residues in long-range allosteric communication between CaM and the AC cat-
alytic site. Advanced molecular dynamics simulations, based on the TAMD ap-
proach(3), were used to investigate conformational landscape of the isolated
AC and to propose compacted AC structures.
